INTRODUCTION
Multi-wavelength fiber lasers are attracting much interest recently because of their potential applications in microwave or millimeter wave generation, dense wavelength division multiplexing, photonic microwave filter, and high sensitive sensing systems [1--7] . Various methods and laser oscillation cavities had been studied in the derivations of multi-wavelength fiber laser from single wavelength laser source. One of the popular methods is the utilization of nonlinear effects in the optical fiber. Nonlinear Stimulated Brillouin Scattering (SBS) is actively researched due to its low threshold compared to other nonlinear effects and the efficiency of single mode fiber (SMF) as the Brillouin gain medium. Counter propagating Stokes which is typically --11 GHz (silica based single mode fiber)
978-1-4244-2315-6/08/$25.00 ©2008 IEEE. frequency down shifted can be easily generated by injecting pump power above the Brillouin threshold into the gain medium. The Brillouin frequency shift, VB is given by
where n p is the effective mode index at the pump (input) wavelength A p , VA is the acoustic velocity in the gain medium. The Stokes is propagating in the backward direction and its power is growing exponentially while the input power is much higher than the threshold [8] . Multi-wavelength fiber laser with frequency spacing in times of --11 GHz can be generated with proper design of resonant cavity.
A lot of Brillouin fiber laser configurations had been demonstrated in the generation of multi Stokes by adopting Bragg gratings, erbium doped fiber amplification and Raman amplification [5, 9--11] . These methods need complicated set up or fine optimization in order to generate consistent amplitude output. The tunability is also one of the system constraints when the erbium doped fiber or the Raman amplification are adopted inside the laser resonant cavities.
In this paper, we proposed and experimentally demonstrated a simple structure for a dual-wavelength fiber laser. The fiber laser is designed based on the Brillouin Stokes generation in the silica based SMF. Brillouin pump is recycled into the SMF and hence dual-wavelength is obtained at the output. By controlling the input Brillouin pump power, an amplitude equilibrium dual-wavelength fiber laser is obtained. Figure 1 illustrates the configuration of dualwavelength fiber laser through Brillouin pump recycling. An external cavity tunable laser source (TLS), as the Brillouin pump is amplified by an erbium doped fiber amplifier (EDFA). The amplified Brillouin pump is injected to a 6.7 Ian SMF spool through a 3-port circulator. Counter-propagating Stokes is generated once the Brillouin pump power exceeds the Brillouin threshold of the fiber which acts as the Brillouin gain medium. The transmitted Brillouin pump signal at the other end of SMF is recycled to the SMF by an optical mirror. The reflected Brillouin pump amplifies the generated Stokes line and reduces the Brillouin pump threshold. Stokes line and reflected Brillouin pump are directed by a circulator (Cir) to the output and inspected by an Optical Spectrum Analyzer (OSA) with 0.01 nm resolution. wavelength 1550nm and 1550.088nm respectively are obtained at the output. Figure 3 shows the optical spectrum of the dual-wavelength fiber laser. The first Stokes which is 10.98 GHz (0.088nm) down shifted is generated once the input signal is above the Brillouin threshold of the gain medium. As the Brillouin pump power increases, the Stokes power increases. The reflected power at the pump wavelength saturates as the input power keep increasing due to the power transfer to the Stokes.
EXPERIMENTAL SETUP
An amplitude equilibrium dual-wavelength output is obtained by controlling the input pump power as shown in Figure 4 . With 12.44 mW Brillouin pump peak power, dual wavelength output peak power at -11.08 dBm and -11.16 dBm with 10.98 GHz spacing are obtained. Amplitude equilibrium is required in the frequency beating at photodiode for microwave generation. There is no constraint in the wavelength tunability in the proposed setup since the erbium doped fiber is not located in the resonant cavity. Wavelength/ nm 
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RESULT AND DISCUSSION
The system was investigated by varying the Brillouin pump power. As predicted, the reflected Brillouin pump and the counter-propagating Stokes at The Stimulated Brillouin scattering (SBS) characteristics of the proposed setup with pump recycling has been compared with the conventional setup for SBS characterization as depicted in Figure 2 [12]. Measured Stokes power was compared with the Stokes power obtained with the existence of pump recycling.
As shown in Figure 5 , with the pump recycling, Brillouin threshold of the gain medium, 6.7 Ian SMF was reduced and the Stokes power grows faster compared to the setup without pump recycling. This is contributed by the Brillouin amplification when the pump is recycled into the Brillouin gain medium. The 
CONCLUSIONS
We have successfully demonstrated a simple structure for amplitude equilibrium dual-wavelength fiber laser through Brillouin pump recycling. By controlling the input pump power, amplitude equilibrium can be achieved easily. The Brillouin threshold of the Brillouin gain medium is also been reduced through the pump recycling. 
